Background Immunoglobulin A (IgA) autoantibodies to tissue transglutaminase (tTG) are commonly used for screening and diagnosing of celiac disease (CD). Seroreactivity for anti-Saccharomyces cerevisiae antibody (ASCA) and bacterial antigens have also been detected in CD patients. The aim of this study was to examine prospectively serologic responses to microbial targets in adult CD patients at the time of diagnosis and during a gluten-free diet (GFD). Further, we wanted to evaluate whether these serologic specificities could provide new tools for the follow-up of CD patients. Methods Data on 55 adult biopsy-proven CD patients were available for follow-up study. Upper gastrointestinal endoscopy was performed on all patients. Sera from patients were tested for antibodies to tTG and ASCA and additionally analyzed with IgA enzyme-linked immunosorbent assays to Pseudomonas fluorescens-associated sequence, I2, and to a Bacteroides caccae TonB-linked outer membrane protein, OmpW. Results At the time of diagnosis, 91% of CD cases were positive for tTG and 49% for ASCA; positive seroreactivity to I2 was found in 86% and to OmpW in 60% of CD patients at the time of diagnosis. The frequency of seropositivity and serum levels of these antibodies decreased during GFD. Moreover, we found that the decline in the serum levels was significant in all of these markers (p<0.005). Interestingly, we also found that serum levels of ASCA correlated with the grade of mucosal morphology (p=0.021), as the ASCA serum levels declined in accordance with mucosal healing.
Introduction
Celiac disease (CD) is characterized as a gluten-induced disease with manifest small bowel mucosal damage with villous shortening, crypt hyperplasia, and inflammation recovering on a gluten-free diet (GFD) [1] [2] [3] . The presence of distinct autoantibodies is typical for the condition. Immunoglobulin A (IgA) autoantibodies to tissue transglutaminase (tTG) are commonly used for the screening and diagnosing of CD [4] [5] [6] [7] . Recently, the Saccharomyces cerevisiae antibody (ASCA) positivity was also observed in CD patients [8] [9] . Commensal luminal bacteria are involved in activating dysregulated mucosal immune responses [10] . We have recently pointed out that the majority of CD patients are seropositive for Pseudomonas fluorescens-associated sequence I2 and to a Bacteroides caccae TonB-linked outer membrane protein, OmpW [11] . These findings reveal that CD patients do indeed express distinct mosaics of anti-microbial serology, which supports an unexpected contribution of anti-microbial host responses in CD pathogenesis.
tTG antibodies are valuable in the follow-up of CD as antibody levels decline with GFD [12] [13] [14] . Previously, it has been shown that with GFD, ASCA positivity disappeared in most of the CD cases, and the phenomenon was more pronounced in children [15] . By contrast, Toumi et al. did not find a statistically significant difference in ASCA frequency between untreated and treated CD patients [16] .
The aim of this study was to assess ASCA and host serologic responses to additional bacterial targets (the P. fluorescens-associated sequence I2 and to a B. caccae TonB-linked outer membrane protein, OmpW) in adult CD patients at the time of diagnosis and during GFD. In addition, we wanted to evaluate whether these serologic specificities could provide new tools in the follow-up of CD patients and whether they correlated with the mucosal morphology.
Materials and Methods

Patients
Fifty-five adult CD patients (43 women, 12 men, median age; 44.0 years, range 21.0-68.0 years) referred to the Department of Gastroenterology and Alimentary Tract Surgery, Tampere University Hospital during the period 1998-1999 were available for the follow-up study. Upper gastrointestinal endoscopies with multiple biopsies from the duodenum at the time of diagnosis and during GFD were performed to all. At the same time, sera were collected for antibody testing at the time of primary diagnosis and at follow-up. Mean duration of the follow-up period was 349 days (SD 41 days). The CD diagnosis was based on small bowel mucosal severe partial or subtotal villous atrophy with crypt hyperplasia [1] .
Serum Antibody Tests
Sera from patients were tested for antibodies to tTG (Celikey tTG IgA, Phadia, Freiburg, Germany) and/or endomysium antibodies (Ema) [17] and concentrations 1:≥5 U/ml were considered positive. An enzyme immunoassay (EIA) kit (QUANTA Lite™ ASCA, INOVA Diagnostics, San Diego, CA, USA) was used for the determination of ASCA of both IgG and IgA isotypes from the sera. The kit included positive and negative controls and was used according to the manufacturer's instructions. Quantitative results in arbitrary EIA units were obtained from standard curves defined by the manufacturer, but the results were statistically handled as qualitative. Ambiguous and borderline results were interpreted as negative. Results exceeding 25 U for IgG or IgA ASCA were regarded as positive.
Sera for the determination of anti-I2 and anti-OmpW IgA levels were stored at −70°C until testing. In our laboratory, Escherichia coli XL-1-blue and E. coli BL-21 (Stratagene, La Jolla, CA, USA) strains were used for all cloning and recombinant expression experiments. I2-GST and OmpW were produced by using previously reported antigen purification techniques [18, 19] . Sera were analyzed with IgA enzymelinked immunosorbent assays (ELISA) to I2 and OmpW. The cut-off level for positivity in the IgA-class ELISA test was set at 0.5 (for I2-GST) and at 1.0 (for OmpW) [11, 19] .
Biopsy Specimen Processing and Immunohistochemical Staining
The biopsy specimen was processed by routine histological methods, and sections of formalin-fixed and paraffinembedded specimens were stained with hematoxylin and eosin. Small bowel mucosal morphology (ratio of villous height and crypt depth) was determined in all patients as previously described [20] . 
Ethical Considerations
The study protocol was approved by the Ethical Committee of Tampere University Hospital, and informed consent was obtained from the patients.
Results
Of the CD patients, 91% were positive for tTG antibodies and 49% for ASCA at the time of diagnosis. The respective percentages for seroreactivity for bacterial antigens I2 and OmpW were the majority of CD patients (86% and 60%, respectively).
The response to gluten-free diet was evident in the majority of our patients. The small intestinal villous height and crypt depth ratio increased, and serum tTG antibody titers declined in line with mucosal recovery (Fig. 1) .
Serum IgA and IgG ASCA and serum anti-I2 and antiOmpW levels (median absorbances) decreased significantly during GFD (follow-up period 4-14 months; Fig. 2 ). The frequencies of positive seroreactivity also declined during GFD (Table I) . However, we found no association between the decrease in serum antibody titers and duration of GFD, and no statistical difference was found either when making the analysis according to gender. The frequency of ASCA positivity was associated with mucosal morphology (p=0.021), and the ratio of villous height and crypt depth declined in line with rising ASCA positivity. No similar association between seropositivity of bacterial antigens (I2 and OmpW) and mucosal morphology was observed (p=0.464 and p=0.334, respectively).
Discussion
Here, we report different microbial and autoantibodies in 55 adult CD patients during GFD. This is the first study assessing the serum anti-I2 and anti-OmpW levels in CD patients during GFD. Interestingly, the serum levels of I2 and OmpW (median absorbances) declined significantly during GFD. However, frequency of I2 and OmpW positivity was not associated with the grade of villous morphology. The measurement of serological responses to I2 and OmpW may provide new valuable information on the pathogenesis of CD and tools in the follow-up of small intestinal damage and CD.
Previously, in CD patients, ASCA positivity was shown to be evident in up to 40-60% of cases [8, 9, 11] . In addition, we showed previous that serological responses to bacterial antigens, the P. fluorescens-associated sequence I2 and to a B. caccae TonB-linked outer membrane protein OmpW, are significantly elevated not only in IBD patients but, interestingly, also in CD patients [11, 18] . These findings may provide new evidence for a contribution of such responses to the pathogenetic mechanisms of inflam- mation of CD [11] . In the present study, tTG antibodies decreased during GFD, which addresses the specificity of tTG for follow-up as previously described [12, 13] . Controversial reports concerning behavior of ASCA during GFD have been published [15, 16] . Our finding about frequency of ASCA positivity decreasing significantly is in agreement with the results of previous studies, which showed that ASCA positivity disappeared in most CD cases with GFD [15] . However, in contrast to their conclusions, we also found a correlation between serum levels of ASCA and the grade of mucosal morphology. Seroreactivity to microbial components in Crohn's disease has been shown to be associated with disease severity and progression [21] [22] [23] [24] . p values compare median absorbances at the time of diagnosis and after follow-up period in CD patients, using the Mann-Whitney U test patients with the highest levels of serum reactivity toward an increasing number of microbiota have been reported to show the greatest frequency of complications [21] . As in IBD, our earlier findings in CD suggest that immune responses to commensal enteric bacteria may play a role in inducing mucosal damage [11] . If this is the case, microbial seroreactivity may correlate with immune reaction and inflammation of the small intestine in CD patients or patients with other intestinal symptoms [11] . Altered permeability in the small intestine could explain the frequent detection of seroreactivity for different microbial antigens in patients with CD [25] [26] [27] [28] [29] [30] . As a conclusion, on the present results, we suggest that commensal enteric bacteria play a role in the small intestinal mucosal damage of CD. This was proven by the serological responses to different microbial antigens shown in this study. Serum levels of ASCA, anti-I2, and antiOmpW antibodies decreased significantly during GFD; ASCA positivity was also associated with grade of villous morphology. This indicates that these serologic specificities could in the future help in the non-invasive evaluation of small intestinal mucosal damage at the time of diagnosis and during GFD.
